TOSHIBA

TC7/MTX01FK

TOSHIBA CMOS DIGITAL INTEGRATED CIRCUIT  SILICON MONOLITHIC

TC/MTXO1FK

Digital temperature compensation IC

Due to the demand for compactness and lower power
dissipation, circuits for portable devices are being manufactured
as individual chips. In particular, during the manufacture of
modular devices comprised of several individual discrete devices,
significant time and effort must be devoted to adjusting the
temperature characteristic of each discrete device individually, In
addition, the demand for low power consumption is increasing.

In response to these requirements, Toshiba have developed the
TC7TMTXO01FX, a digital temperature compensation IC.

Toshiba have implemented this device completely in CMOS,
obviating the need to use combinations of individual electronic
components, such as thermistors and resistors, as was the case
previously. The new digital temperature compensation IC
incorporates a temperature sensor, an E2PROM and a DA
converter. The IC is accurate to within +4°C.

VSSOP16-P-0030-0.50

Weight: 0.02 g (typ.)

To meet the demand for compactness, the IC comes in the World’s smallest and flattest 16-pin package (US16).

Features

e Temperature compensation precision:
+4°C (in the range —20~70°C)
e Analog output (XOcont):

Pin Layout (top view)

DOUT 1 16  Vcc
Outputs an analog voltage whose level corresponds to 1°C
increments in the above temperature range. DIN 2 15 XOcont
Control resolution: 10.98 mV (typ.)/Bit CcK 3 14 Ref.
Linearity: +1LSB
Output response speed: 500 ps STB 4 13 NC
e Supply voltage operating range: 2.7~3.3 V W/R 5 12 GND
e Built-in E2PROM : Write voltage 17 V (min)~19 V (max)
: Write time: 10 ms TL 6 1 T4
e Reference voltage (VRep): 2.8 V (typ.) T2 7 10 Triga
e Current dissipation: 1.0 mA (max) @25°C
e ESD:+2000 V or more (MIL-STD method) T3 8 9 VP
e Latch-up: +200 mA or more
Note:  All pins (T1~T4) must be connected to the Vcc or the GND.
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TOSHIBA TC7MTXO01FK

Block Diagram
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Description of Operation

Operation of EZPROM read/write OP codes

The operations listed below in the Operation mode selection table are performed using the five pins V.P, W/R,
STB, CK and DIN.
All operations modes other than Normal Operation Mode are triggered by 8-bit serial data input on DIN and CK
on the rising edge of STB. The operation mode is determined by the combination of the W/R signal and the OP code.

Operation mode selection table

No. Operating Mode STB | W/IR | V.P Serial input on DIN (CK)

DI1 | DI2 | DI3 | D4 | DI5 | DI6 | DI7 | DI8
1 |E°PROM write mode H H |18V | H A6 | A5 | A | A3 | A2 | A1 | AD
2 EZPROM read mode H L — H A6 A5 A4 A3 A2 Al A0
3 EZPROM All-erase mode H H [18V | L H L L L * * *
4 EZPROM All-write overwrite mode H H 118V L H L L H * * *
5 | (before compensation: ADC output) S U I B LI U LT U B A
6| after compensation: regster outpu) S Rl B LN N LN N
7 | Normal operation mode L L — * * * * * * * *

—: NC or Vcc, *: Don't care, A6~AO0: specify address of EZPROM word

1. EZPROM Write Mode (V.P =18V, W/R =“H", DI1 =“H")

Input of an OP code (DI1 = H, A6~A0 = address of word to be written) on DIN (while 18 V is applied to
V.P, W/R = H and STB = H) writes data DO~D7 to the EZPROM at the timing shown below.

Note that if DO~D7 are all High, a Byte Erase (all bits are set to H) is performed.

The write starts on the falling edge of the 16th CK pulse and ends when STB goes Low.
During a write, DOUT is High-Impedance.

DIN | 1 a6 |as|a4[as|a2]a1|a0]Do[p1]|D2|D3|D4|DS5 |D6|D7]

L
L

Data Write Mode timing chart
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TOSHIBA TC7MTXO01FK

2
2. E"PROM Read Mode (W/R =“L", DI1="“H")
Input of an OP code (DI1 = H, A6~A0 = address of word to be read) on DIN (while W/R = L and STB = H)
reads data DO~D7 from the E2PROM to DOUT.
The read ends when STB goes Low.

SE .

DIN |H|A6|A5|A4|A3|A2|A1|AO|

S GG GG G

{Do|p1|p2|D3|p4|D5|D6 [ D7]

DOUT
— High-Impedance

Data Read Mode timing chart

3. E2PROM All-erase Mode
(V.P=18V,W/R="H",DI1l="L",DI2="H",DI3="L",DI4="“L",DI5="L")
Input of an OP code (DI1 = L, DI2 = H, DI3 = L, DI4 = L, DI5 = L) to DIN (while 18 V is applied to V.P,
W/R = H and STB = H) proceeds to erase all data in the E2PROM (all bits are set to H), starting on the
falling edge of the 16th CK pulse and continuing until STB goes Low.
During Erase Mode, DOUT is High-Impedance.

L
wRr | .

Y

<
Erase

*: Don't care

EZPROM Erase Mode timing chart
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4. E°PROM All-write Mode
(VP=18V,W/R=“H",DI1=“L",DI2=“H",DI3=“L",DI4=“L", DI5=“H")
Input of an OP code (DI1 =L, DI2 = H, DI3 = L, DI4 = L, DI5 = H) on DIN (while 18 V is applied to V.P,
W/R = H and STB = H) proceeds to overwrite the entire E2PROM (all bits are set to L), starting on the
falling edge of the 16th CK pulse and continuing until STB goes Low.
During Overwrite Mode, DOUT is High-Impedance.

L
WIR J |_

CK

< - >
Overwrite Mode

2 ) o *: Don't care
E PROM All-write timing chart

5. Temperature Data Read Mode (before compensation: temperature sensor output)
(WR="“L",DIL="L",DI2="H",DI3="L",DI4="H", DI5="L")

Input of an OP code (DI1 =L, DI2 = H, DI3 = L, DI4 = H, DI5 = L) on DIN converts the analog data from
the temperature sensor to 8-bit digital data and outputs it on DOUT.
The read ends when STB goes Low.

STB |
DIN LHLHL| * |

pouT | T — {Do| D1 |p2|D3[p4|D5| D6 [D7]

A

. *: Don't care
Timing chart for Temperature Data Read Mode

(pre-compensation)

Note 1: The temperature sensor is triggered on the rising edge of STB. Allow a period of length t to elapse so that
operation can stabilize.
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6. Temperature Data Read Mode (after compensation: register output)
(W/R = " L”, Dll = " L” , DI2 = 13 H” , DI3 = " L” , DI4 = 13 H”, DI5 = " H”)

Input of an OP code (DI1 = L, DI2 = H, DI3 = L, DI4 = H, DI5 = H) on DIN outputs an 8-bit address on
DOUT corresponding to the current temperature (sum of 8-bit temperature sensor output and 25°C
temperature compensation data sensor stored at E2PROM address 0FH).

The read ends when STB goes Low.

SC |_
DIN L|H|L|H T

3
>

A

CK

pouT | S —— {Do| b1 |p2|D3[p4|D5|D6 [ D7

*: Don't care
Timing chart for Temperature Data Read Mode (post-compensation)

Note 1: The temperature sensor is triggered on the rising edge of STB. Allow a period of length t to elapse so that
operation can stabilize.

7. Normal Operation Mode (STB=“L")

While STB = L, all inputs on W/R, CK and DIN are invalid and the IC is in Normal Operation Mode (this
is referred to as XOcont Output Control state).

During Normal Operation Mode, the DOUT output level reflects the power-on reset status.

(Output level is High during power-on reset and Low after release of power-on reset.)
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EZPROM Contents

The E2PROM is organized as 8 bits x 124 words (= 992 bits) and its contents is as shown below.

E°PROM Data Save Map

Word BIT Word BIT Word BIT
HEX) [o[1J2]3]als]6[7|HEN [oJ1[2]3]a]s]6][7]|HEXN[o]1]2]34a]5]6]7
00 Reserved for users 30 XOcont (10°C) 60 XOcont (58°C)
01 As above 31 XOcont (11°C) 61 XOcont (59°C)
02 As above 32 XOcont (12°C) 62 XOcont (60°C)
03 As above 33 XOcont (13°C) 63 XOcont (61°C)
04 As above 34 XOcont (14°C) 64 XOcont (62°C)
05 As above 35 XOcont (15°C) 65 XOcont (63°C)
06 As above 36 XOcont (16°C) 66 XOcont (64°C)
07 As above 37 XOcont (17°C) 67 XOcont (65°C)
08 As above 38 XOcont (18°C) 68 XOcont (66°C)
09 As above 39 XOcont (19°C) 69 XOcont (67°C)
0A As above 3A XOcont (20°C) 6A XOcont (68°C)
0B As above 3B XOcont (21°C) 6B XOcont (69°C)
ocC As above 3C XOcont (22°C) 6C XOcont (70°C)
oD As above 3D XOcont (23°C) 6D XOcont (71°C)
OE As above 3E XOcont (24°C) 6E XOcont (72°C)
oF 250&;?&%23}3?&2” 3F XOcont (25°C) 6F XOcont (73°C)
10 XOcont (-22°C) 40 XOcont (26°C) 70 Reserved for users
11 XOcont (-21°C) 41 XOcont (27°C) 71 As above
12 XOcont (-20°C) 42 XOcont (28°C) 72 As above
13 XOcont (-19°C) 43 XOcont (29°C) 73 As above
14 XOcont (-18°C) 44 XOcont (30°C) 74 As above
15 XOcont (-17°C) 45 XOcont (31°C) 75 As above
16 XOcont (-16°C) 46 XOcont (32°C) 76 As above
17 XOcont (-15°C) 47 XOcont (33°C) 77 As above
18 XOcont (-14°C) 48 XOcont (34°C) 78 As above
19 XOcont (-13°C) 49 XOcont (35°C) 79 As above
1A XOcont (-12°C) 4A XOcont (36°C) 7A As above
1B XOcont (-11°C) 4B XOcont (37°C) 7B As above
1C XOcont (-10°C) 4C XOcont (38°C)
1D XOcont (-9°C) 4D XOcont (39°C)
1E XOcont (-8°C) 4E XOcont (40°C)
1F XOcont (-7°C) 4F XOcont (41°C)
20 XOcont (-6°C) 50 XOcont (42°C)
21 XOcont (-5°C) 51 XOcont (43°C)
22 XOcont (-4°C) 52 XOcont (44°C)
23 XOcont (-3°C) 53 XOcont (45°C)
24 XOcont (-2°C) 54 XOcont (46°C)
25 XOcont (-1°C) 55 XOcont (47°C)
26 XOcont (0°C) 56 XOcont (48°C)
27 XOcont (1°C) 57 XOcont (49°C)
28 XOcont (2°C) 58 XOcont (50°C)
29 XOcont (3°C) 59 XOcont (51°C)
2A XOcont (4°C) 5A XOcont (52°C)
2B XOcont (5°C) 5B XOcont (53°C)
2C XOcont (6°C) 5C XOcont (54°C)
2D XOcont (7°C) 5D XOcont (55°C)
2E XOcont (8°C) 5E XOcont (56°C)
2F XOcont (9°C) 5F XOcont (57°C)

(Contents of addresses 00H~OEH): Reserved area for users
(Contents of address OFH): 25°C temperature sensor compensation data (8-bit data is used to compensate for
temperature fluctuation in sensor ICs.)

(Contents of addresses 10H~6FH): XOcont temperature data (temperature range: —22°C~73°C, 8-bit data, one

value for each 1°C increment)

(Contents of addresses 70H~7BH): Reserved
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TOSHIBA TC7MTXO01FK

XOcont Output Operation

XOcont is the output pin used to output temperature compensation data (XOcont data) corresponding to the

output from the built-in temperature sensor. Data corresponding to each 1°C temperature increment is stored in
the E2PROM.

1. Output at power-on

At power-on, 1/2 x ref. voltage (80H) is output on XOcont.
Delay time tpux, from power-on to start of output of 1/2 x ref. voltage, is 100 ps or less.

2. Output caused by trigger input

The rising edge of the Trig.1 input triggers the built-in temperature sensor. The sum of the temperature
sensor output and 25°C temperature sensor compensation data (stored at address OFH) is used as the
XOcont data address. The XOcont data is converted to an analog voltage level and output on XOcont.

The delay time txoc, from Trig.1 input to start of voltage output, is 500 ps or less.

Power supply F
Trigl. input 1) F(Z)
Xocont output 1/2 x ref. voltage Current temperature data (1)[Current temperature data (2)
< toux > < txoc > < txoc >

Output timing for XOcont

3. XOcont data

The XOcont data is stored at addresses 10H~6FH of the E2PROM and is used as compensation data
corresponding to every 1°C increment in the ambient temperature range —22°C~73°C.

The voltage output on XOcont corresponds to the 8-bit data stored in the E2PROM (0 V for the value
stored at address 00H; VRef for the value stored at address FFH).

When the ambient temperature is outside the range of the E2PROM table (i.e. below —22°C or above
73°C), the compensation value for the table’s minimum or maximum temperature (-22°C or 73°C) is
output.
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Temperature Sensor

The IC incorporates a temperature sensor which can detect temperatures with an accuracy of 1°C. The sum of
the output from the temperature sensor (after conversion to a digital value) and the 25°C temperature sensor
compensation data (stored at address OFH) is used as the E2PROM address of the compensation data.

In Normal Operation Mode, the temperature sensor is inactive. The sensor is triggered by the rising edge of
STB or by the Trig.1 input. On completion of operation, the sensor returns to its inactive state.

The 25°C temperature sensor compensation data can be written to address OFH of the E2PROM as follows:

1. Measurement of ambient temperature and device temperature data
(before compensation)

e The ambient temperature of the test environment is measured.
e Read the temperature data of TC7TMTX01FK before compensation

2. Calculation of 25°C temperature sensor compensation data

e If the ambient temperature is 25°C, the compensation data can be calculated as follows:
25°C temperature sensor compensation data = 3FH — temperature data before compensation

e If the ambient temperature is not 25°C, add the difference between the ambient temperature and 25°C
to the result of the above calculation.
The following table shows 25°C temperature sensor compensation values corresponding to the ambient
temperature and the raw temperature data

25°C temperature sensor compensation values corresponding to the ambient temperature
and the temperature data before compensation

Temperature Data Ambient Temperature in Test Environment
before Compensation

(TC7TMTXO01FK) 21°C 22°C 23°C 24°C 25°C 26°C 27°C 28°C 29°C
82 BA BB BC BD BE BF Cco Cl
81 BA BB BC BD BE BF Cco C1l c2
80 BB BC BD BE BF Cco Cl c2 C3
7F BC BD BE BF Cco Cl Cc2 C3 C4
7E BD BE BF CO C1 C2 C3 C4 C5
7D BE BF CO C1l Cc2 C3 C4 C5 C6
7C BF (0] C1l Cc2 C3 C4 C5 C6 C7
7B (0] C1l Cc2 C3 c4 C5 C6 C7 C8
A C1l Cc2 C3 c4 @5 C6 Cc7 C8 C9
79 Cc2 C3 c4 C5 C6 Cc7 C8 C9 CA
78 C3 C4 C5 C6 Cc7 C8 C9 CA CB
77 c4 C5 C6 c7 Cc8 C9 CA CB CcC
76 C5 C6 c7 C8 (61°) CA CB CcC CD
75 C6 Cc7 C8 (03°] CA CB CcC CD CE
74 Cc7 C8 (03°] CA CB cC CD CE CF
73 C8 c9 CA CcB cC CD CE CF DO
72 c9 CA cB CcC CD CE CF DO D1
71 CA CB CcC CD CE CF DO D1 D2
70 CB CcC CD CE CF DO D1 D2 D3
6F CcC CD CE CF DO D1 D2 D3 D4
6E CD CE CF DO D1 D2 D3 D4 D5
6D CE CF DO D1 D2 D3 D4 D5 D6
6C CF DO D1 D2 D3 D4 D5 D6 D7
6B DO D1 D2 D3 D4 D5 D6 D7 D8
6A D1 D2 D3 D4 D5 D6 D7 D8 D9
69 D2 D3 D4 D5 D6 D7 D8 D9

All values above are hexadecimal.

2 .
3. E PROM Write
This instruction writes the 25°C address compensation data to address OFH in the E2PROM.
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Maximum Ratings (GND = 0.0 V)

Characteristic Symbol Rating Unit Pin
Supply voltage Vce -0.5~4.6 \% Vce
EZPROM write voltage Vp -0.5~20.0 \% V.P
Reference voltage VRef -0.5~Vcc + 0.5 \% Ref.
Input voltage VIN -0.5~4.0 \% DIN, CK, STB, W/R, Trigl
Output voltage VouT -0.5~Vcc + 0.5 \% DOUT, XOcont
Input current NN +10 mA DIN, CK, STB, W/R, Trigl
Power dissipation Pp 180 mw
Storage temperature Tstg -40~125 °C

Recommended Operating Conditions (GND = 0.0 V)

Characteristic Symbol Min Typ. Max Unit
Supply voltage Vce 2.7 3.0 3.3 \
E2PROM write voltage Vp 17.0 18.0 19.0 \
Reference voltage VRef 2.7 2.8 2.9 \%
Input voltage VIN 0 — Vce \%
Input rise/fall time try, tg — — 1.0 us
Power-on rise time ty 100 — — us
Operating temperature Topr -22 — 73 °C

EZPROM Characteristics

Characteristic Symbol Test Circuit Min Typ. Max Unit
. Ta=25°C,Vcc=3.0V, ]
No. of rewrites Nwr Vp=18.0V 10000 — — Times
Data retention time tRET Ta=-22~73°C 10 — — Years
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DC Characteristics (GND = 0.0 V)
Ta=-20°C Ta=25°C Ta=70°C
Characteristic Symbol Test Circuit Unit
Min Max Min Typ. Min Min Max
High-level input voltage VIH Vee =2.7-3.3V 2.0 — 2.0 — — 2.0 — \%
Low-level input voltage VL Vcc =2.7-3.3V — 0.5 — — 0.5 — 0.5
Hysteresis voltage VH Vce =3.0V — — — 0.3 — — —
High-level output current Vec=3.0V o o o
(DOUT) loH Vou = 2.4V 4.0 4.0 7.0 3.2 mA
Low-level output current Vec=3.0V o o o
(DOUT) loL VoL = 0.4V 4.0 4.0 8.5 3.2 mA
Vcc=3.3V
Input current IIN Vin=0o0r33V — +1.0 — — +1.0 — 5.0 HA
Three-state OFF leakage Vce=3.3V
current (DOUT) oz |ygur=00r33v i e e B o i R B
Pull-down resistance o
(DIN, CK, STB, W/R) Rpp [Vecc=2.7-33V — — 4 10 20 — — kQ
Auto-reset release VRD o 25 o 18 o5 o 25 v
voltage
. L Vcc =3.0V (Note 2) o o - o o
Static current dissipation Icc Vin = Ve or GND 0.5 1.0 mA
. L Vcc=2.8V (Note2) o o - o o
Static current dissipation IREF Vin = Ve or GND 0.1 1.0 mA

Note2: The current generated by setting the input pins with pull-down resistors to High is not included.

AC Characteristics

(Ta = 25°C, Vee = 3.0 V, VRef = 2.8 V, GND = 0 V, C_ = 50 pF, Input: ty, t; = 6 ns)

EZPROM Write Timing (applies to Operation Modes 1, 3 and 4)

Characteristic Symbol Test Circuit Typ Limit Unit
Minimum VP power-on timing time t Figure 1 o 0 ns
(V.P power supply — STB input) sv
Minimum VP power-off timing time (STB input — V.P t Figure 1 o 0 ns
power supply) hv
Minimum VP power supply cut-off pulse width twi Figure 1 — 10 us
Minimum set-up time (W/R input — STB input) tsw Figure 1 — 0 ns
Minimum hold time (W/R input — STB input) thw Figure 1 — 40 ns
Minimum removal time (STB input — CK input) trem Figure 1 -5 40 ns
Minimum write time (CK input — W/R input) tows | Figure 1 — 10 ms
Minimum pulse width (STB input) twi Figure 1 — 10 us
Minimum clock cycle time (CK input) teyc Figure 1 0.2 2 us
Minimum clock pulse width (CK input) ttW'I:' Figure 1 0.1 1 us
Wi
Minimum set-up time (DIN input — CK input) tsu Figure 1 -3 40 ns
Minimum hold time (DIN input — CK input) th Figure 1 5 40 ns
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E’PROM Read Timing (applies to Operation Mode 2)

Characteristic Symbol Test Circuit Typ Limit Unit
Minimum set-up time (W/R input — STB input) tsr Figure 2 — 0 ns
Minimum hold time (W/R input — STB input) thr Figure 2 — 0 ns
Minimum removal time (STB input — CK input) trem Figure 2 -5 40 ns
Minimum pulse width (STB input) twi Figure 2 0.1 1 us
Minimum clock cycle time (CK input) teyc Figure 2 0.2 2 us

twH Figure 2

Minimum clock pulse width (CK input) 0.1 1 us

twi
Minimum set-up time (DIN input — CK input) tsu Figure 2 -3 40 ns
Minimum hold time (DIN input — CK input) th Figure 2 5 40 ns
Propagation delay time (CK input — DOUT output) tpzn | On first DOUT output 15 100 ns

tozL | Figure 2

t On second and subsequent DOUT
Propagation delay time (CK input — DOUT output) tpLH outputs 15 100 ns
PHL | Figure 2

Output Disable time (STB input — DOUT output) :P;f Figure 2 20 100 ns
p

Timing in Other Modes (applies to Operation Modes 5 and 6)

Characteristic Symbol Test Circuit Typ Limit Unit
Operation modes 5 and 6 (temperature
Minimum removal time (STB input — CK input) trem data read modes) 140 400 us
Figure 2

Note3: All characteristics except for t;em, are the same as those for the EZPROM read timing.
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Characteristics of Analog Block (Ta=25°C, Vcc =2.80V, VRef = 2.80 V, GND =0 V)

XOcont Output

o o Ta=25°C Ta =-20~70°C )
Characteristic Symbol Test Circuit Unit
Min Typ. Max Min Max

XOcont output response time

(Trig.1 — XOcont) txoc Figure 3 — 200 450 — 500 ps

XOcont output voltage Vxoc §82g2: gﬁiﬁfgq A 1380 | 1400 | 1420 | 1380 | 1420 | mv

XOcont output voltage variation AVxoc égggm gﬁ:‘;ﬁ&e;tﬂ; — 10.98 — — — mV

: : XOcont data:
XOcont output voltage linearity ANLX 00H < DATA < FFH(Note 4)| +0.5 +1 — +1 LSB

Temperature Sensor

Characteristic Symbol Test Circuit Min Typ. Max Unit
Temperature sensor output Value Ta=25°C
(output at Ta = 25°C before Tsenl |Temperature sensor output before 60H 74H 88H —
compensation) compensation
Temperature sensor output Value Ta=-22°C
(output at Ta = —22°C before Tsen2 | Temperature sensor output before 31H 45H 59H —
compensation) compensation
Temperature sensor output Value Ta=73°C
(output at Ta = 72°C before Tsen3 | Temperature sensor output before 90H A4H B8H —
compensation) compensation
Temperature sensor output Variation ATS Per 1°C — 1 — LSB
Temperature sensor output Linearity ANLT [-22°C=Ta=73°C (Noted) [ — +0.5 +4 LSB

Note 4: The linearity is the deviation of the actual characteristic curve from the expected variation.
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Timing Charts

twi
()() e \ [P
V.P power supply
lsv hy
g - Vee
W/R input /
swy N
¢ Ve
STB input
- GND
bem  Teye tows twl
CK input m
,th\ ,twL\
g - Vee
DIN input X
(3(3 s GND
tsy |_th
. .. 2 .
Figure 1 Timing chart for E'PROM Write Mode
W/R input
()() ()() s GND
tsr I
()() ()() JE— VCC
STB input
Yepe foye fwi
CK input
- GND
DIN input
- GND
DOUT input —
tpzH tpLH
L zly IpH toHL

Figure 2 Timing chart for EAPROM Read Mode and other
operation modes

Trig.1 input

XOcont output
txoc

Figure 3 Timing chart for analog output
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Package Dimensions

VSSOP16-P-0030-0.50 Unit : mm
No.16 No.9
HRRRAAR »
| S
=
m -+
E . — THE L
No.1 No.8 -
i 0,127+0,05 §
+0.05 N
0.25TYP. 0.2 —8.04 EEMI&] ©
4.25 MAX
4.0%0.1
=
minininiuinln 3

T

0.1£0.05
0.8 * 0.05

Weight: 0.02 g (typ.)
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RESTRICTIONS ON PRODUCT USE

000707EBA

e TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor

devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical
stress. It is the responsibility of the buyer, when utilizing TOSHIBA products, to comply with the standards of
safety in making a safe design for the entire system, and to avoid situations in which a malfunction or failure of
such TOSHIBA products could cause loss of human life, bodily injury or damage to property.
In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as
set forth in the most recent TOSHIBA products specifications. Also, please keep in mind the precautions and
conditions set forth in the “Handling Guide for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability
Handbook” etc..

e The TOSHIBA products listed in this document are intended for usage in general electronics applications
(computer, personal equipment, office equipment, measuring equipment, industrial robotics, domestic appliances,
etc.). These TOSHIBA products are neither intended nor warranted for usage in equipment that requires
extraordinarily high quality and/or reliability or a malfunction or failure of which may cause loss of human life or
bodily injury (“Unintended Usage”). Unintended Usage include atomic energy control instruments, airplane or
spaceship instruments, transportation instruments, traffic signal instruments, combustion control instruments,
medical instruments, all types of safety devices, etc.. Unintended Usage of TOSHIBA products listed in this
document shall be made at the customer’s own risk.

e The products described in this document are subject to the foreign exchange and foreign trade laws.

e The information contained herein is presented only as a guide for the applications of our products. No
responsibility is assumed by TOSHIBA CORPORATION for any infringements of intellectual property or other
rights of the third parties which may result from its use. No license is granted by implication or otherwise under
any intellectual property or other rights of TOSHIBA CORPORATION or others.

e The information contained herein is subject to change without notice.
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